Background This study was designed to break down the association of age, sex and seat belt use with risk of death for drivers of automobiles involved in a crash into two theoretical components: intrinsic severity of the crash and occupant resilience.
Introduction
Many studies have assessed the effect of driverrelated factors such as age, sex or the use of protective devices on the risk of death after a traffic crash (i.e. from samples of drivers involved in traffic crashes). From a theoretical viewpoint, the association between one individual-related factor (e.g. age), and the risk of death may operate through two different causal pathways.
-The first (on a temporal scale) is that related to what can be called the 'intrinsic severity' of the crash, related in turn to the type of crash and the amount of energy released. For example, we might suspect crashes in which younger drivers are involved to be of higher intrinsic severity than those involving older drivers, because younger drivers tend to drive faster. [1] [2] [3] -Given a crash of a certain intrinsic severity, the second causal pathway by which an individual factor may influence the risk of death is the 'resilience' of the subject to the effect of the released energy. This concept-resilience-is, in fact, a mixture of three successive elements: the proportion of the released energy that is transferred to the individual, the injuries this energy causes at the time of the crash, and the prognosis of these injuries. For example, several studies have shown that, for crashes of the same intrinsic severity, older drivers or passengers tend to have a higher risk of death than younger people, 4, 5 probably because older people have both a lower tissular resistance to the effect of the energy and their injuries have a worse prognosis compared with younger people.
As suggested by the previous example, the association of factors such as driver's age with the risk of death after a crash is likely to differ substantially depending on which of the two causal pathways is taken into account. Nevertheless, few studies have been designed to distinguish between these two types of association. 6 Most available studies do not distinguish between them; [7] [8] [9] [10] therefore, their estimates of association should be considered a mixture of the associations related with each of these two pathways. Other studies considered only one component: e.g. in studies of driver-passenger pairs occupying the same vehicle, the paired design identifies associations between individual-related factors that are related only with resilience. 11, 12 The aim of our study was to quantify the association of age, sex and seat belt use with the risk of early death in drivers of passenger cars involved in a traffic crash. Our analysis also aimed to disentangle this association into the two theoretical components defined above: the association dependent on severity of the crash, and that dependent on the occupant's resilience to the energy released.
Methods
The study population consisted of driver-front-seat passenger pairs aged 518 years who were occupants of passenger cars involved in traffic crashes with victims in Spain. All crashes occurred between 2000 and 2004 inclusive, and were recorded in the Spanish national traffic authority's registry of crashes with victims. The characteristics of the registry were described in detail in earlier publications. 13, 14 From the original 119 755 pairs who met the inclusion criteria, we excluded 35 417 driver-passenger pairs for which information was missing for either occupant regarding death within 24 h after the crash (early deaths) (1726 missing pairs), age (15 285), sex (8444) or seat belt use (25 767) . A total of 84 338 pairs occupying as many vehicles was included. In addition to the variables noted above, we recorded information on: (i) other driver-related variables (nationality, type of driver-professional or non-professional-years since the driver's license was obtained, physical disabilities, psychophysical circumstances-DUI, driving under the influence of other drugs, sleepiness, other adverse circumstances-hours driving without a break, administrative infractions; (ii) vehicle-related variables (age of the vehicle, previous defects-none, worn tires, blow-out, others-number of occupants); (iii) crash-related variables: number of injured people, type of crash, number of vehicles involved, speed-related infractions, other driver-related infractions, driver's manoeuver immediately before the crash, other deaths apart from those of the driver and front-seat passenger; and (iv) environmental circumstances (year, month, day of the week, time of day, type of day, zone, type of road, condition of the road surface, visibility, light conditions, weather conditions, other dangerous circumstances, traffic density). The categories of each variable are shown in the Appendix (Supplementary data are available at IJE online).
Analysis
Variable numbers of records were missing values for the following adjustment factors: nationality, type of driver, years since the driver's license was obtained, physical disabilities, psychophysical circumstances, hours driving without a break, administrative infractions, age of the vehicle, previous defects of the vehicle and speed-related infractions. Complete information for all variables was available for 33 156 drivers. To keep the entire sample in all the models, we first used a multiple imputation process with switching regression (multiple imputation by chained equations), 15 which allowed us to construct 10 files in which missing values for the variables listed above, except nationality, were replaced by their corresponding imputed values. We could not apply this procedure to the variable nationality, with only 265 missing values, because the high number of categories with small counts for this variable produced highly distorted and unreliable imputation models. Therefore each file comprised 84 073 registries. We fitted a model for each file, and coefficients of each model were combined according to the combination rules of Rubin. 16 These operations were done with the Ice 17 and Mim programmes from Stata version 10. We constructed four Poisson multiple regression models in order to estimate relative risks (RRs) and their 95% confidence intervals (CIs) for each age, sex and seat belt use category considered here. 18 We first included age as a categorical variable, using 18-year-old drivers as the reference category. However, because we observed an approximately exponential trend in the RR values for each 1-year increase, we opted to include age as a continuous variable. For the other two variables, we considered female sex and seat belt use as the reference categories.
Model 1
The aim of this model was to assess the overall relationship between drivers' death and driver-related characteristics, which may be mediated through the two pathways described in the introduction, i.e. severity of the crash and driver's resilience. In this model, the dependent variable was driver's death and independent variables were driver's age, sex and seat belt use. To adjust for the confounding effect of other well-known risk factors for death, which may also be related with driver characteristics, we also included in the model other driver-, vehicle-and environmentrelated variables. This model therefore quantified the overall association of driver's age, sex and seat belt use with the driver's risk of death after a crash, without distinction regarding the pathway which links them. This was called the 'joint model'.
Model 2
This model was designed to assess the relationship between passenger's risk of death and passenger characteristics. The implicit assumption of the model is that, after controlling for confounding, the only pathway that might link passenger's age, sex and seat belt use with passenger's risk of death is the passenger's resilience. Therefore, in this model death of the passenger was the dependent variable and passengers' age, sex and seat belt use were the independent terms. However, passenger-related characteristics may also be associated with driver's characteristics, which in turn may be related to the severity of the crash, and through this pathway with the risk of death of any occupant in the vehicle. To exclude this pathway between the passenger's characteristics and passenger's risk of death, we also included in the model all driver-, vehicle-and environmental-related characteristics as well as other variables closely related with the severity of the crash: number of victims in the crash, death of the driver, number of other deaths (apart of the driver and the front passenger), speed-related infractions, other driving infractions, driver's manoeuver immediately before the crash, number of vehicles involved in the crash and type of crash. We refer to this model as the 'resilience-model'.
Model 3
This model was designed to estimate the relationship between driver's characteristics and passenger's risk of death. In theory, the only pathway that might link these two factors is severity of the crash: if driver's characteristics are related with crash severity, they may indirectly be related with passenger's risk of death. Therefore, the dependent variable was death of the passenger and the independent variables were driver's age, sex and seat belt use. In this model, we also included as independent terms all passenger characteristics, because they may confound the relationship between driver's characteristics and passenger's risk of death. Finally, we also included other factors that might confound the relationship between driver's characteristics and severity of the crash (other driver-, vehicle-and environment-related factors), but we did not include in the model any other direct markers of crash severity. This model is called here the 'severity-model'.
The three models described above were unconditional Poisson regression models. However, we also designed a conditional Poisson regression model for driver-passenger pairs, in which the dependent variable was death of either of the two occupants, and as independent variables we considered only seating position in the vehicle (driver or front-seat passenger), age, sex and seat belt use. In this analysis, pairs in which no deaths occurred were noninformative for estimating RR.
12 Therefore, the model included only the 4087 driver-passenger pairs in which at least one death occurred. With this paired design, we controlled simultaneously for all factors related with intrinsic severity of the crash, i.e. those related with the characteristics of the vehicle (e.g. its size), the speed at which the crash occurred, or the environmental conditions (time of day or night, road surface conditions, etc.), because exposure to all these variables was the same for both members of each pair. This model was therefore considered the reference for quantifying the association of age, sex and seat belt use with risk of death dependent only on occupant resilience. If this association does not change depending on the position of the occupant (driver or front-seat passenger), the RR estimates obtained with this model should be similar to those obtained with the resilience model. To test whether position in the vehicle modified the association of the other three independent variables with risk of death, we constructed the corresponding interaction terms and tested their statistical significance (P < 0.05) with the likelihood ratio test.
All statistical analyses were done with Stata software (v. 8.0). 19 Results Table 1 shows the distribution of the 84 338 driverfront-seat passenger pairs according to each of the four main study variables: early death, age, sex and seat belt use. Most drivers were men <35 years of age who had used a seat belt, whereas most passengers were women. Risk of early death was $3% in drivers and passengers. In both groups the risk was higher in men, in older occupants and particularly in occupants who did not use a seat belt. Table 2 shows the RR estimates we obtained with each of the four regression models (complete models are shown in the Appendix: Supplementary data are available at IJE online). In the joint model, each 1-year increase in age was associated with a 1.4% increase in risk of early death. However, this increase was considerably greater in the resilience model at 2.8%. In the severity model increasing age yielded an inverse association with death: a 0.7% reduction in risk of early death per 1-year increase in age. With regard to the influence of sex, the joint model and (to a lesser extent) the severity model yielded a slightly higher RR for men than women: 1.34 and 1.18, Percentages calculated per row: each value represents the number of deaths referred to all subjects included in each category.
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respectively. This association disappeared in the resilience model (1.04). Not using a seat belt was strongly associated with a greater risk of early death in the joint model (5.18), and to a lesser extent in the resilience model (4.02), but this association decreased sharply in the severity model (1.16). Finally, the RR obtained in the paired model (the reference model for resilience) showed a similar pattern of associations for the three variables to that obtained with the resilience model. In this model, seating position did not significantly modify the associations between risk of early death and any of the other three variables.
Discussion
Our analysis showed that the association of age, sex and seat belt use with the risk of early death after a traffic crash differed depending on which of the two components of risk was considered: the risk dependent on intrinsic severity of the crash decreased as age increased, was lower in women and was slightly higher in drivers who did not wear seat belts. However, the risk dependent on individual resilience clearly increased with age. Furthermore, this risk was especially high among occupants who did not use a seat belt, and was apparently not associated with sex. We should emphasize that our estimates are conditioned by the fact that a traffic crash had actually occurred, so none of our models estimated the risk of being involved in a traffic crash. Our results are consistent in some ways with earlier studies, most of which found increasing age to be associated with an increased risk of death or of more severe injury. 7, 8, 10, [20] [21] [22] [23] [24] [25] [26] [27] This association is usually explained as a consequence of lower resilience to released energy, although in the present study we found that this effect was offset in part by the fact that older drivers appeared to be involved in intrinsically less severe crashes. This is in agreement with the reported association between younger age of the driver and a higher frequency of risk behaviours, [1] [2] [3] or a higher risk of being involved in more severe single-vehicle crashes. 28 With regard to sex, we did not find a higher risk of early death or severe injury in women, in contrast to many earlier publications. 4, 6, 8, [20] [21] [22] [23] [27] [28] [29] [30] Our finding of a higher overall risk of early death in male drivers-as also reported in other studies 9, 26, 31, 32 -was due to the fact that men were involved in intrinsically more severe crashes. This might reflect the previously reported association between male sex and a more risky driving style, 2 including driving at higher speeds. 1 Finally, our results confirm the widely reported protective effect of seat belt use on risk of death. 4, [6] [7] [8] 20, 21, 26, 33 As expected, this effect was mainly dependent on increased resilience to the effect of the energy released, but it seems that a small part of the joint association between non-seat belt use and risk of death was explained because non-use was also a marker of more severe crashes.
Aside from the consistency of our results, the validity of our methodology is supported by the finding that, as predicted by our initial hypothesis, the results of our resilience model were similar to those obtained with the paired model, used as the reference to estimate the association between occupant characteristics and the risk of death mediated by resilience. However, this finding does not ensure the validity of our method, which awaits further testing. Another limitation arises from the database that provided the raw data, as discussed elsewhere. 13, 14, 27 Some 'eligible' crashes were not included, and the accuracy of the information recorded at the scene of the crash may be questionable (e.g. the registry recorded only early deaths, i.e. those occurring within 24 h after the crash). Moreover, there may be some residual confounding because it was not possible to adjust for the effect of other factors not recorded in the registry. For example, the register does not include information about the size or weight of the vehicle, a factor clearly related with mortality and probably also associated with driver-or passenger-related characteristics. Although this lack of information is not relevant in the matched analysis (in which both occupants were paired by vehicle), the RR estimates in the severity model may have been affected by confounding due to this factor. The diverse and complex relationships that may be hypothesized between car type and both driver and passengers characteristics make it difficult to elucidate the magnitude and direction of this source of bias. A similar problem may be related to the absence of adjustment by the presence of an airbag in the vehicle, another factor not recorded in the register. In this case, bias may lead to underestimation of the protective effect of seat belt use if the presence of an airbag influences the decision of some occupants not to use seat belts. Furthermore, the presence or deployment of an airbag does not seem related with occupant's age or sex. Finally, we have no information about the quality of medical care the victims received, although we assume that this factor is not a confounder since it is not related with characteristics of the vehicle occupants.
In conclusion, the risk of early death associated with severity of the crash in drivers of passenger cars involved in a traffic crash was slightly higher in men, and decreased as age increased. However, the risk of early death associated with resilience to the energy released by the crash clearly increased with age and among occupants who did not use a seat belt.
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KEY MESSAGES
The association between a given individual-related factor and the risk of death after a crash may arise through either the intrinsic severity of the crash or the occupant's resilience to the energy released.
Few studies have been designed to distinguish between these two types of association.
We propose a method to disentangle the association between individual-related factors and risk of death after a crash into the two theoretical components defined above.
In the sample used for our analysis, the association of age, sex and seat belt use with risk of death for drivers involved in traffic crashes depended on the component of risk considered.
The risk of early death associated with severity of the crash was slightly higher in male and non-belted drivers, and decreased as age increased.
However, the risk of early death associated with resilience to the energy released clearly increased with age and especially among occupants who did not use a seat belt.
